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AcCtive Galactic Nuclel
CRARAGTERISTICS

« central nucleus outshines the rest of the
galaxy

 high luminosity (normally)

- emission across entire spectrum ... radio

to keV, MeV, TeV
= non-thermal

* strong \/avcabcut&
- radio-loud sources:
~relativistic jets .. superluminal
motion
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Active Galactic Nuclei

ADTIVE BALAYX]

What we see depends on how we view it ...

Nmm-mgﬂ.mmdwsmﬁ”mm
have high-energy nuciel but appear 15 be surounded By & more-or-less “normal” gl
harve long, namow jets of beams of matier streaming out from e cocter. Displayed heve i n lust
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Active Galactic Nuclei

low power

g
g
- FR-I
:
8
g
NLRG

Seyfert 1

radio-quiet (RQ) AGN
. .
. »
/ .

high power

custy absoroer

accretion dsc
electron plasma
black hole

broad line region
narrow line region

BECKMANN & oHRADER,
ASTRO-PH/150Z 1597

T —

e ———
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Active Galactic Nuclei

Active Galactic Nuclei
(A few % of all galaxies)

CLASSIF ICAT ION

l
I I
Radio—quiet Radio-loud
(85% — 95%) (5% — 15%)
|
[ I I -
Spirals QSOs- - - - . Ellipticals
The most common  Quasi-Stellar  ° f’/;-_ e
class of AGN Objects T
I Fanaroff-Riley ~ ! '
A ¢ Seyfert 2 Galavies “» FSRQs BL Lacs
"7 Hauswtt Show only I Flat Feature—
#* broad lines narrow lings g™ | Spectrum less
I i SRR PP AP T O C C L4 ; . Radio optxcal
. (1 (Z { j lines) and luminosity 1 Hl_gh . Quasars spectrum
iderititie narrow lines uminosity luminosity |
) of ionized I [ I
1S feemi metals LSP,4$R-HsR LBL IBL HBL
Low, intermediate & high
soufees synchrotron peaked
. e ————
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Active Galactic Nuclei CLASSIFICATION

Active Galactic Nuclei
(A few % of all galaxies)

|
I I
Radio—quiet Radio-loud
(85% — 95%) (5% — 15%)
|
Spirals QSOs- - - - . Elhpucals
The most common  Quasi—Stellar f’/:_ e ; 7
class of AGN Objects s’
| ol (/io/'//
' gt Fanaroff—Rlley\ 7 ' !
Seyfertl s Seyfert 2 Galaxies -+ FSRQs BL Lacs
| #5th Show only | Flat Feature—
road lmes narrow ling - ' Spectrum less
DR 0 S X E=T 2 2 0 i v @Y Y . Radio optical
. (1 (Z { j lines) and luminosity 1 Hl_gh . Quasars spectrum
idelitifie narrow lines uminosity luminosity |
of ionized I [ I
1s TeV metals LSP46R—HcR LBL IBL HBL

Low, intermediate & high

sourees synchrotron peaked

L e— e ———————
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Blazars
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Blazars

CRARACGTERIST ICS

« <5% of all AGN

- Jet points “at” us
- flat radio spectrum
- radio loud AGN

"lavge amplitude varviabdity
- optical polarisation
- spectral energy distribution

power. m

Deirdre HORAN -- 2013 Fermi Summer School - L.ewes, Delaware



Blazars

FIRST PROPOSED BY REES IN 1966 (NATURE, 211, 468) YEARS BEFORE
[T WAS FIRST OBSERVED WHEN VLBI TECHNIQUES WERE DEVELOPED

14X 1 blob moves to—

EY P in time At
i B
l>l
)
\/ v 3
OVSLRVLL

T — T

first pulse travels to observer in
time D/c; the second, emitted
time At later, has a shorter
distance 1o travel: D-Ay.
Difference in arrival fime is:

(0 - 4y)
&tobyz @t+DCA7J‘[Dt]
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Blazars

14X 1 blob moves o5

ay P in time At
o B
I>l
N/ J
N\ \2
OVSeLVER
Deirdre HORAN

Difference in arrival time is:

— (0-4y) >
&tobsz ftJr C J—[t]
substitute for Ay & rearrange:

A, = O (1-Beost)

measured transverse velocity, Vo

Vobs=

- 2018 Fermi Summer School - Lewes, Delaware



Blazars

Jo, if the plasma velocity was 0.40c and the angle fo
the observer was Jdeg, the dpparent velocity would be
.0c. The effect is maximised when cos=P ( - cos6)

S — T———

6 ) BSMG
tbs

Deirdre HORAN -- 2013 Fermi Summer School - L.ewes, Delaware



Blazars

- Definitions:

-Another relativistic effect occurs because the | The Doppler factor is a meadsure of the
knots of plasma are moving at velocities close | strength of the beaming: & = [ " (1- g o0 |
to that of light

> When an emitting plasma has a bulk
relativistic motion relative to a fixed

Ol

- ‘ 8 V
e Lorenz factor: | = ——= where B --
Th nz factor: | e where

observer, its emission is bedmed in the
forward direction in the fixed frame

= The flux density is thus changed by
relativistic time dilation so an observer sees
Much More intense emission than if the plasma
were dt rest

(j . - — 1[ i ' £ \
T 8 1\"<chtj}1
> S ’L_ \ r_/ J 4

L and O s %eﬂ, the Xf7ooch'\|f\ﬁ '
factor will e ~[1% ;
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- The observed emission, ¥ is boosted in
energy over that emitted in the rest frame,




Blazars

DONDI & GHISELLINI (1995) MNRAS, 273, 583
URRY & PADOVANT (1995) PASP, 107, 803

- High energy gamma rays collide with softer radiation to produce e*e” pairs
= for gammas to escape from a source, the optical depth for this process T, must be sufficiently low
» The cross section for this process is maximized for collisions between gamma rays of energy ...

X, =2 and target photons of energy .. X . = S

m C

/
N o ,

- The optical depth is then defined as: 0. = — N A R

. where N is the number of soft photons, K is ﬂ\e radius of the plasma "blob" (assumed shape)
and ot is the Thompson-scattering cross section

- A useful parameter that can then be derived " is the compactness of ’rhe source - it is a direct

~<

measure of the imporfance of the pair-production process L o3

/ —
AV L/ { /
N -

» The criterion for gammas fo escape from a source is ... Tet ™~ - <<
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Blazars
SPECTRAL ENERGY DISTRIBUTTGN

PO(:)&L

enea%
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Blazars
SPECTRAL ENERGY DISTRIBUTTGN
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Models of Ylazar emission

2/

N0
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Models of Ylazar emission

SPLCTRAL ENERGY DISTRIBUTION

poweg. | “synchrofron” “inverse Compton”
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Models of Ylazar emission

Tvo fundamentally different approache
"~ fo exphin {he higher enengy emassio

<o

Leptonic © Hadronic

Lower fnfrgy emission due
T0 synchrotron emission from
relativistc €5 in the jet

Deirdre HORAN -- 2013 Fermi Summer School - L.ewes, Delaware



Models of Ylazar emission

o el || & Yo T fundamentally differnt appreaches

Y o o v 10 explain the higher energy emission

POO.)&K

Leptonic

* Yadiative output dominated by /e’
> high-energy photons most likely the result
of inverse Gompton scattering by the same
"5 that produced the synch
* Upscatter the low-energy photons

Lower energy emission due responsivle for first bump
0 synchrotron emission from = synchrotron self-Gompton

reloivistc es in the e+ * Upscatter photons from the broad-ling
K region, disc, forus ..

= gxterndl Gomp’ron
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Models of Ylazar emission

. 6 + ,
o [Lields Y syneh Tno fur

or |
Y sy 0+ Yert e

POO.)&K

r&gion

Lower energy emission due

tamenta

i fhe |

7 different approaches

gher energy emlssio

Hadronic

* both &'/e” and p accelerated to ultra-
relativistic energies

* p'5 exceed threshold for py photo-pion
production on s0ft+ photon field in emission

> high energy emission dominated by
- |7ro+on éynchro’rron

T0 synchrotron emission trom . 0 decay products

relativistc €5 in the jet

BOETTCHER, M. (2012) FERMI & JANSKY, ASTRO-PH/1200.0539

o 6ynchro+ron and Gomp’ron emission from
%cono\ary proo\uc’re of charg&o\ Fione

BOETTCHER M. (2013), ARJ (IN PRESS), ASTRO-PH/304.0605 = external Compton
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Models of Ylazar emission

o I&p’ronic modéls provio\a gooo\ fits to many blazars

RBS 0415 (ALIU ET AL 2012, APJ, 750, 94)

w I
> 102 |- i
10"
~#— Archival (MAGIC)
—&— Archival (NED) iy
~¥~ Host Galaxy (NED) A
107
) 4 " !(
W R S M R O b %) O I, P b At A R A (% S
10" 10" 10" 10%' 10% 10% 107" 10*
Frequency (Hz)
I — B
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Models of Ylazar emission

« leptonic models provide good fits t0 many blazars

- K-ray and gamma-ray emission often correlated - a fact naturally explained by SSC models

BLAZEJOWSKL M ET AL 2005, APJ, 630, 130 FORTSON ET AL. (012) GAMMA 2012

3 m; WHIPPLE ' 4 6

n 6 - ¢ .. : ' 5

; l i 4 s a® .’." ..,‘ t ,: >

5 of $e ETL , 0. 0‘%‘ . . l ".:‘. ..—:3 4 l

CU ' '3 D | -
200 ‘ g 3
B 60k e - i % T + * + °
% r
T 100 p . . 3. E. TT+ ++*+
Z 50 % Ay 2o M E + ++
- . Pée & o . +

12.0! K Band 06
Et:w% ;j M ™ Y o P e Ui ¥

= .‘. D G —g 0.4

13.5 -—

................... < 0.3 ¥ .
UMRAO 14.5 GHz = X X
0.8 i 0.2 + * X X X - x X
2 0.6 :' T & & A e o 1 1 0.1 X
kd * ¢ * . 2 $? . X X X X X X
0.4 0.0 § X x. . X
. . = 55230 o o YEL e 55240 55245 55250 ODLOY
53000 53050 53100
Modified Julian Date MJD (Doys)
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Models of Ylazar emission

« leptonic models provide good fits t0 many blazars

- K-ray and gamma-ray emission often correlated - a fact naturally explained by SSC models

= in hadronic Models, the cooling fimes are longer, which makes it more difficult to explain the rapid
variability often seen in blazars

= Proton synchrotron can Producc raPid Variability with very high energy Protons in
cxtrcmcly magdnetised, comPact regions HOLDER, J (ZU17), ASTROPART PHYS, 59, 6l

- - S N e
e‘s 45_ %
) 3.5F
= 4 Doppler factors of
s = .
B, 28 > 100 required
8§ 2 :
a 1.5F =
| =n E
osfr IAELAL 0D A0 B0 UL 4T Y
- | | ] | 3 | 4 =
0 40 60 80 100 120

Time - MJD53944.0 [min]

Deirdre HORAN -- 2013 Fermi Summer School - L.ewes, Delaware



Models of Ylazar emission

0.002 |

2.5¢

1.5t

15}

15.2

0.4}
0.2}

KRAWCZYNSKI ET AL (2004), APJ 601, 121

S N R

L1 LL[J*l*l*

TeV Flux | Crab |

from TeV blazar,

% e®”® Qoo
| | | | I |

10 keV Flux [ keV' em™ 5]

Pt e enmPmpm™|e

“orphan” flare

S 1959+050

0 0 0
00 o o ocs°$°° Loo Po ¢

LIII|LIIIIIIIJ|IIIIIILIII

3-25 keV Photon Index

o
0

Y,

¢t ¢ o %&‘$ﬂ*3988<¥$§

lLllLllllllJJllJlLlllll

R Magn iludef

14.5 GHz Flux [ Iy |

|
| I | | | S| lfl | 11 1 1 | | I I | l | N I I | I

0
20

40 45
Date [ MJD-52400 ]

l\adronic merls have
&)e,e,n INVo QA To

e,)(Flain H\is k)el\aviour

EG., BOETTCHER (2005), APJ, 621, 176
SAHUET AL (2013), PHYS. REV. D
- [IN PRESS) ASTRO-PH/13054985
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Models of Ylazar emission

HESS. COLLABORATION ET AL. (2013 - IN PRESS) DAVID SANCHEZ & PASCAL FORTIN

- VHE emission discovered by s [T T TaT
HESS. (ATel July 20I0) T [
Q
D10 |-
o Hard Fermi sPechmM (Z)) and r\earby & -
R i
(Z=OO‘+ﬂ) “%10-12 =
W' E
= excellent candidate for L
Tev emisSion F /
1074 E_A | E
o X-ray observations taken simultaneously ;'(;4,' B P B P 1‘6,2" 1‘;,4
with VHE reveal onset of HE component E[eV] i

at unusually low energies for a TeV BL Lac
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Models of Ylazar emission

HESS. COLLABORATION ET AL. (2013 - IN PRESS) DAVID SANCHEZ & PASCAL FORTIN

10

-8

Mrk421: Finke’s code U B ) B s e e et e s

Preliminary L

ll ll ll ll ll ll ll ll ll ll ll ll ll ll ll llI

L1l llllll

L1111 lllI

llll

N

10° 10" 10" 10™ 10" 10" 10 102 10** 10% 102 103 |0° 10* 102 1 10 10° 10° 10° 10"
v [Hz] i

1012 1014
E [eV]

|

aru C
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Models of Ylazar emission

HESS. COLLABORATION ET AL. (2013 - IN PRESS) DAVID SANCHEZ & PASCAL FORTIN

« VYHE emission discovered by
HES.S. (ATel July 20I0)

B
.
e
—

o Hard Fermi sPechrum (Z1) and r\ear\vy
(=001

E?dN/dE [ erg cm?s™]

—

Q
S
l

= excelent candidate for

—a

S
&
I

Tev emissipn

107 |/
= 4

:ll ll ll ll ll ll ll ll ll ll ll ll ll ll ll ll ll lllll ll l—

o X-ray opservations taken simulfaneously 10 10* 102 1 10° 10* 10° 10° 10" 10" 10"

. E [eV] i
with VHE reveal onset of HE component
at unusually low energies for a TeV BL Lac

Difficult to model with a single zone homogeneous
SSC model due to the unprecedented width of the HE
component compared to the LE component
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The Fermi blazars
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The Fermi blazars

o No association = Possible association with SNR or PWN
4 Globular duster

—= -— ——— « AGN % Pulsar
A/ . urst Ga # ® HMB
e - + o SNR * Nova
° y .. b '. -
..o o/ e o . o .
® A At = o ..
: .‘x '. B - p ” O.. @ . ..‘ x.
. o * -, & . -

NOLAN ET AL (2012), APJS, 199, &l

1873 SOURCES 84%

B 1298 IDENTIFIED/ASSOCIATED | | AGN* | .,

T
blazars
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The Fermi blazars

1 LBAS (Abdo et. al 2009, Apd 700, 597)
Based on OFGL, 3 months data, 00 =2 TLAC (Abdo et. al ZOIO, ApJ I3, H29)

" "+ 100 high-confidence blazars Based on IFGL, || months data, ~Oc
1 e s g, OL) blazars) / 594 (fotal) in clean sample
O o ¥ JEDRT N T
Y, el et 2 Saue (Aekermann et al ZOI, Apd 743, 1T)
- pht o° . :' P .. - :‘0: . .‘ o, o o330

VLS s BT S LI C AN Based on ZF(1L, 74 months datd, ~Oc

. /o o N e & o o% ADE Sl | ". o

s It Ol ST L 8ol (blazars) / 83 (total) in clean sample

1 “,v. ap ) io. P 3 | +0

%
Od.' 3’
e 0@
T 00w 270 T 2400 @foc 1
! ‘ / o 4n.

,’ e [ 72
¢ o ™3

f
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The Fermi blazars

3_5 UL AL LR |
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Photon spectral index
N

-—h
(&)

13

L

TIYYT_Y] g ] L er‘lTl’

curve represenJcs

the detection ’ ]

E -
— e
} —
- —
b — —
b~ -4
- -—
- -4
- . p—
— 4
— o A
- s @ -
- . -
p-—— —
— —
- =
- -
- o
b—— —
b - 4
Q s

. —
-— :‘ -

2 L 2 L2 4 4 11 1 il 2 1 1 1 Ll 2 4 4 4 lll

107
Flux [E>100 MeV] (ph cm?s™)

ACKERMANN ET AL 2011, ARJ 743, 71
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The Fermi blazars

Table 5
Census of Sources

AGN Type Entire 2LAC 2LAC Clean Sample®* Low-lat Sample
All 1017 886 104
FSRQ 360 310 19
LSP 246 221 7
ISP 4 3 2
HSP 2 0 0
No classification 108 86 10
BL Lac 423 395 16
LSP 65 61 3
ISP 82 81 3
HSP 174 160 5
No classification 102 93 5
Blazar of unknown type 204 157 67
LSP 24 19 10
ISP 13 11 3
HSP 65 53 13
No classification 102 74 41
Other AGNs 30 24 2

Note. * Sources with single counterparts and without,analysis flags. See

Section 5 for the definitions of this sample.

ACKERMANN ET AL 2011, APJ 745, 171

DHf = erN
With confusion ‘ Index
06!
No conlfusion
o
2 04 !
7 \
v \
\
\
\
\
02 \
\
\
\
N
~
1 ~
0.0\ NP, § - . . I N debdbd)
10’ 10° 10° 10 10% 10°

Energy (MeV)

Figure 18. Theoretical contribution (W(E) of Equation (A3)) to TS per Ms
and per log(E) interval as a function of energy for a power-law source over the
average background at |b| > 10°. The assumed photon spectral index is 2.2.
The dashed line is for an isolated source. The full line includes approximately
the effect of source confusion.

ABDO ET. AL 2010, ARJ5 188, 409 |

'8 misaligned blazars
4 NLSyls |
10 RGN of other type |
| 2 starbursts
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The Fermi blazars

FOSSATL ET AL (1998), MNRAS, 299, 437

L4 14 14 " 14 4 | 1
48 |- _ \ Q
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- ' \" A
47 |- / » , - -
; £ A\ / \ 3
- ' ; - \ P T~ \ o
— i / ma N\ N 7 / _ H
w 46 [ ' = i) ' v \ N
="1] i ) - \ ]
b o /! / ) -
L) -~ . ’ | -
{ y / |'T'v::. 1§ . '-1 v '.-'.'::v::,‘.’ \‘\S
ap ’ , ” ‘% ‘ / Al
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- ol D / ]
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¥ v."" ]
42 ‘
4 , : | \ -
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FINKE,‘J. (2012), FERMI-JANSKY (ASTRO-PH/1301.608))

o

"' 10" 10" 10" 10® 10”107 10

"If the seed photon source for external Compton scattering is the broad line region (BLK), and the BLK strength is correlated
with the power injected into electrons in the jet, one would expect that more luminous jets have stronger broad emission lines and
greater Compton cooling, and thus a lower vy As the power injected in electrons is reduced, the broad line luminosity decreases,
there are fewer seed photons for Compton scattering, and consequently the peak synchrotron frequency moves to higher
frequencies. This is also reflected in the lower luminosity of the Compton-scattered component relative to the synchrotron

component ds vy moves o higher frequencies.” FINKE, J (2017), FERMI-JANSKY (ASTRO-PH/IZ01608])
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The Fermi blazars

FSRQs

Normalired number of scurcos
o o ¢
R

mmwwmwwwwwmw
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;r =
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o
e
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ACKERMANN ET AL 2011, APJ 745, 171
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The Fermi blazars
The Hard Source Kigt - a m’mﬂog above 10 GeV

D. PANEQUE, FERMI SYMPOSIUM (2012)
* Work s underway to publish the lst Fermi—LAT catalog of sources 7 10 GeV

« Shape of the spectrum at > 710 GeV might not be well characterized if we use a single fit in the
energy range 0.7 GeV - 100 GeV

= Lower energies

SEE LAMB & MACOMB (1997), 488, L872

e The variakilﬂry ot From that at the

lowest energies, whic Hon of porticles

-/ I I I I

which may rodiate Lrom the same/different location

= Are sources more variable at HE than at LE ? or the other way around ?

- Understand better the population of sources emitting above 10 GeV
= What are the setirces deminaTing the hfg}zes% LAT enemfesf

-IDENTIFY PROMISING CANDIDATES FOR IACTS ... NEW VHE DISCOVERIES
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The TeV blazars
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The TeV blazars
TEVCAT *-"°
22N

+180

|45 sources 84% |
| 14 1dentified/associated AGN* | .

——  —
blazars
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The TeV blazars

As of writing this talk, there are 15 sources in TeVCat - 51 Extragalactic

@

NARY
Se\e| /

HBLs IBLs LBLs
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The TeV blazars

As of writing this talk, there are 15 sources in TeVCat - 51 Extragalactic

S 3 Radio Galaxies

2 Starbursts
// LB

Onlq +wW0 sources
are not+ AGN!

( [BL

41 HBL
!

Yios+ numerous
source class wn TeV skq
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The GeV-TeV Connection
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The GeV-TeV Connection

Total No. | Total No. No. % AGN that

Sources | Identified” AGN are blazars
Tvﬂ Ge\/ O O O
Fermi 2FGL 1873 1298 (697%) | 1092 (84%) 74%
w.c.,..Z = Te\/ O O O
TaV/Cat |45 |17 (8196) | 55 (477%) 96%

“Identified / Associated

T 49 of the 55 TeV
~ AGNarein 2FGL.
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The GeV-TeV Connection

. SENTURK, ERRANDO, BOTTCHER & MUKHERJEE (2013), APJ 764, 119
Analysed 27 months of Fermi data

for the TeV AGN that had spectral
infrormation available (26 objects) RI0E
Gompared the TeV AGN wich the :'2
#* 1

AGN from 2£GL "E

Covv\puted ST Ds for al objects I r:w 25 3

The combined GeN-TeN spectra of 3-
some blazars (ES 0229200, [ES f L.
0347-2l, [ES 1101-232, [ES 1218+304, H % T PLouT *7 a0
[426+428) 5u99est an inverse- L o S
Compton peak beyond | TeN e T T

Flux (E>1GeV) (photon cm™ s)

T —
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The GeV-TeV Connection

- TeV instruments are pointed and have = Fermi has a very large field of view - sees
relatively small fields of view fitth of the sky at any given time

o Low cJchy cyc\es (~10%) . 5urveys entire sky every three hours

= Need targets = Transients, cataloging

Fermi

l

48

36

24

12

B-
9 0

Since Fermi was launched,
29 TeV AGN detected - |4 thanks to LAT data i

8 2009 2010 2011 2012
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The GeV-TeV Connection

* At the time of' publication,
there were o TeV AGN that
were not detected in 2FGL

49 of the 55 TeV
AGN are in 2FGL

® Since then, 8 eV AGN have been detected Name Class | % Crab
- they were all in ZFGL

= still 6 TeV AGN not in 2FGL IES 02294200 HBL .8

’ a“ H\%L |ES 0347-121" HBL [ 2.0

SHBL JOO1355.9-185406| HBL .0

PKS 0548-322 HBL .3
® among the weakest TeV AGN
* 3 have subscqucntly been B> 1312-423 HBL| 04
reported as detections (non-Fermi HESS J1943+213 HBL 1.5

Pubs)
I Detections rcPortcd in the literature since Z2FGL

TSR — | ————m—mieee o —
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The exfragaﬁaa:ﬁa: Ibaazhg]romnd Jlig]hT
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The eme-gaﬁaa:ﬁa: ]baa:hg]romnd Jlig]hl‘

g g g g
2 2 2 L 2
enerqy enerqy ! enerqy - enerqy
[ncreasing distance

The further away the object we detect, the more its TeV photons
are dbsorbed by the EBL - this results in a break in the spectrum
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The ex’rm-gaﬂaa:ﬁa: Ibaa:hgn"omnd JlighT

W 35T
— =
. =
¥ 3
z 3¢
— =
% 25
2| -
1.5 -
i =
0.5 —
ol *  Uncertain Redshift ® Centaurus A —:
= < FSRQ " Me7 =
051 | | : O BLLACSs objects R
-l l 1 1 l 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 ' 1 l 1 r
0 0.1 0.2 0.3 0.4 0.5 0.6
Redshift z

T —

ABDO ET AL (2009), ARJ, 707, 1310
SANCHEZ, FEGAN, GIEBELS (2013) IN PRESS, ASTRO-PH/1303.5923
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The exﬂm—gaﬂaaﬁc Ibaa:hglromnd Jlig]h’r

WWW MPI-HDMPG DE ASTRO-PH/1212.:3409

H.E.S.S. low energy
B H.E.S.S. full dataset
| | HEE.S.S. high energy

H.E.S.S. contour
(sys + stat

’
’
&

bow | Tull ] high )

AF, [NnWm™?sr']
=

PR |

i i i L e—rt——

A [um]
HESS data on seven blazars were used 1,0 search for the absorption signature of
the EBL - it was detected ab 9 sigma - results are only slightly above the lower

limits calculated by summing galaxies visible in sky surveys
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En%rgcﬂacﬁc magneﬁc Frelds
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En%rgda&?e maﬁmﬁc frelds

- When we detect TeN gamma rays from a distant source, we know that the signal has almao\y
been attenuated - only A fraction of those emitted arrive on Earth

o the garma. rays collide with Phofons of the EBL en route from the source and pair ProJuce

= if there were NO magnetic fields in the universe, these charged
pairs would not get deflected, they would travel in original direction
until they Compton upscattered an EBL photon to MeY-GeY energies

* in this WOy, the orgina/ TeV 90mma rays get reprocessed e

to lower energy radiation

o |F we could identify a distant, steady™ TeV source which had NO
(reV emission, this could be an indication that the B-fields between the
source and us deflected the charged pairs such that the reprocessed vbserver

lower energy emission was "removed” (scattered) from the signal

the mean free path for e+/e-islow ~kpc ** if the source is at a lower level now than when the TeV
emission that we are detecting was emitted, it could be drqued that, since the radiation due fo the deflected
pairs has longer to ravel, it would be delayed by some time - and it hasn't arrived yet
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[m%r’gahcﬁc magneﬁc frelds

VOVK, TAYLOR, SEMIKOZ & NERONQV (2012), APJ, 747, L14

| Place constraints on the intergalactic
B-figld strength using the direct and

cascade components of the GeN-TeN
spectrum of [ES 0229:200

dN./dE, eV em 2577

.
E?
.

| ]

- =
=™ l
= :F :
3] =
- g 514
L - S
e = 1 2
) - —_
-~ = I
:f":. -/: WK
g~ ~ %
~ - .';‘."“
= N L o s s o -
DS
10737 A A - - - .,
(| —-18.5 -18.0 -17.5 -174 -16.5 —-16.L -13.5
logio B [G] i
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Uharacterising variability
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Characterising variability
Quantifymg the variabiity of blazars

excess \/ar\cmce
NANDRA ETAL (1997) APJ 476 /0

ol ‘{\{T i[b( /\A j

rms

N points in each light curve X

/u\ l$ the unweighted avithmetic mean of the X,
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Characterising variability

PUTiNG aN UppeRr LiMit ON the excess Variance

When no (negative) excess varionce is measured in the data,
we can estimate the fevel of intrinsic variance that coudad be
present in the gigntcurve but that woulad stige affow Us To arrive
at this vadue for excess varionce

1. Simulate lightcurves by generating, for each datapoint F; +/- dF; (F is the ith
data point and dF is the ith uncertainty, i =1:N), a normal distribution centred on
the mean of the measured lightcurve with width of sqrt(dF + VARTANCEZ)

Y, For each level of VARTANCE, generate a large number of lightcurves
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Characterising variability
Sample lightcurves for different levels of VARIANCE

40 40 40

Foogr i Flux with virance of 0.00 added

Foogr i Flux with virance of 050 added

Foogr i Flux with virance of 1.00 added
1

-30 * -30 * -30 *

SAL80 4700 5470 54740 Sw0 4780 4800 54820 4840 54800 S4880 SAL80 4700 5470 54740 Sw0 4780 4800 54820 4840 54800 S4880 SAL80 4700 5470 54740 Sw0 4780 4800 54820 4840 54800 S4880
Moa@ed Jben Day Moa@ed Jben Day Moa@ed Jben Day

) ) )

20 20 20

Foogr i Flux with virance of 1.50 added
4

Foogr i Flus with virance of 200 added
.

Foogr i Flus with virance of 2 50 added
S

-0 -0

_ﬁ,ua: S4AN00 S4T30 ST AT S4T80 SA0 SAE0  SAM0 SARD S0 SR80 S4AT0 ST S4TAD SATHD S4ATED SA0 SAE0 SSM0 A0 Saam0 SR80 S4AT0 ST S4TAD SATHD S4ATED SA0 SAE0 SSM0 A0 Saam0
Noa@ed Jben Day Noa@ed Jben Day Noa@ed Jben Day
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Characterising variability

PUTiNG aN UppeRr LiMit ON the excess Variance

When no (negative) excess varionce is measured in the data,
we can estimate the fevel of intrinsic variance that coudad be
present in the gigntcurve but that woulad stige affow Us To arrive
at this vadue for excess varionce

1. Simulate lightcurves by generating, for each datapoint F; +/- dF; (F is the ith
data point and dF is the ith uncertainty, i =1:N), a normal distribution centred on
the mean of the measured lightcurve with width of sqrt(dF + VARTANCEZ)

Y, For each level of VARTANCE, generate a large number of lightcurves

X, Calculate the excess variance for each of these lightcurves and histogram
these for each level of VARLANCE
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Characterising variability

IS+09RC1MS of excess variance for edach VARIANCE ddded

A A
A A
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Characterising variability

PUTiNG aN UppeRr LiMit ON the excess Variance

When no (negative) excess varionce is measured in the data,
we can estimate the fevel of intrinsic variance that coudad be
present in the gigntcurve but that woulad stige affow Us To arrive
at this vadue for excess varionce

1. Simulate lightcurves by generating, for each datapoint F; +/- dF; (F is the ith

data point and dF is the ith uncertainty, i =1:N), a normal distribution centred on
the mean of the measured lightcurve with width of sqrt(dF + VARTANCEZ)

Y, For each level of VARTANCE, generate a large number of lightcurves

X, Calculate the excess variance for each of these lightcurves and histogram
these for each level of VARLANCE

4 For each VARTANCE level, find the excess variance that 95% (or whatever

your required confidence level is) of the excess variances are above
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Characterising variability

IS+09RC1MS of excess variance for edach VARIANCE ddded

A A
A A
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Characterising variability

PUTiNG aN UppeRr LiMit ON the excess Variance

When no (negative) excess varionce is measured in the data,
we can estimate the fevel of intrinsic variance that coudad be
present in the gigntcurve but that woulad stige affow Us To arrive
at this vadue for excess varionce

1. Simulate lightcurves by generating, for each datapoint F; +/- dF; (F is the ith

data point and dF is the ith uncertainty, i =1:N), a normal distribution centred on
the mean of the measured lightcurve with width of sqrt(dF + VARTANCEZ)

Y, For each level of VARTANCE, generate a large number of lightcurves

X, Calculate the excess variance for each of these lightcurves and histogram
these for each level of VARLANCE

4 For each VARTANCE level, find the excess variance that 95% (or whatever

your required confidence level is) of the excess variances are above
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Characterising variability

PUTiNG aN UppeRr LiMit ON the excess Variance

BY £inding where
the measuread vogue
Of excess voriance
Intersects with the
curve generatea by
the 95% values, we
can adetermine the
fevell of VARIANCE
that could be present
in the gightcurve but
that would stigg fead
To Us getling the
Measuread vague 5% of
the time or gess
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-0.12

. Value that 95% of values were above

Best fit to Limits

Exc. Var. from Data: -0.02
Max. Variance possible: 0.22
95% of values

1
0.05 0.1 0.15

Variance Added

I
0.2 0.25

0.3



Characterising variability

Note on rate and its uncertainty in Fermi data

10

flux / dflux

0 1 2 3 4 5 6 7 8 9 10
npred / sqrt(npred)
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